OBJECTIVE: Information about the accuracy of family informant estimates of height and weight should assist investigators in evaluating the costs and bene®ts of using this type of data in genetic study designs. DESIGN AND METHOD: To assess the accuracy of family informant estimates, 374 ®rst-degree relatives from 94 Caucasian families, gave estimates about the heights and weights of their ®rst degree relatives. These estimates were compared with measured heights and weights to determine their accuracy. RESULTS: Informant estimates were highly predictive of measured heights (r 0.95), and weights (r 0.94), but informants systematically overestimated heights (mean 1.4 cm) and underestimated weights of their family members (mean 4.1 kg). CONCLUSIONS: On average, height estimates were generally within 1% of the measured height and weight estimates were within 3 ± 5% of the measured weight. Therefore, these proxy measures can provide useful data, when measured or self-reported heights and weights are not available.
Introduction
Although the accuracy of self-reported heights and weights has been comprehensively studied, the accuracy of informant estimates of other people's heights and weights has received much less attention. In some instances (for example, when a subject refused to participate or has died), informant estimates of heights and weights may be the only data available. If informant estimates are to be used, it will be necessary to know the extent to which they are accurate.
Several studies have compared a subject's measured height and weight with estimates of height and weight provided by their family members. In one study, adult children were asked to recall the heights, weights and body shapes of their parents when the parents were 15 years younger. 1 Those estimates were compared with previously measured values. Estimated values predicted measured values for mothers quite well (r 0.82), but were much less predictive for fathers (r 0.56). Four other studies assessed how accurate parents were in estimating their young children's heights and weights. 2 ± 5 Generally, parents were accurate, but underestimated the weights of obese children.
For self-reported height and weight, subjects systematically overreport height and underreport weight, such that the reported value predicts the true (measured) value, but is biased. Stewart (1982) 6 applied standard test theory and assumed that the self-reported value can be decomposed into the following components: true value, bias and random error. To assess the value of family informant estimates of height and weight, we determined both the correlation between the measured and estimated values, and the degree of systematic bias. Additionally, in a subsample of obese women, informant estimates were compared with selfreported values.
Method
Family ascertainment and assessment Subjects were recruited for participation in a longterm project to identify families highly informative for obesity gene mapping and identi®cation studies. One family member, usually female, responded to an advertisement. This family member reported his or her own height and weight, and estimated the heights and weights of other family members. If the family met eligibility criteria for the genetic study, permission was requested to contact additional family members and an assessment of each family member was scheduled.
During the assessment, all family members were asked to complete questionnaires concerning the height (in), weight (lbs) and age (y) of their ®rst degree relatives and basic demographic data about themselves. The assessment procure also included direct measurement of standing height (cm) and weight (lb) while the subject was wearing socks and a hospital gown or light clothing. 7 Weights were converted from pounds to kilograms prior to analysis. Family members completed their questionnaires prior to being measured. Occasionally, one family member completed the questionnaire for another member; in these cases (n 25), the data was eliminated from further analysis.
If an informant gave incomplete information about a family member (that is, the age, height or weight was missing), the estimate was not included in the current analyses. Some estimates were eliminated from further analysis, if the heights disagreed by more than four inches or the estimated and actual ages disagreed by four years or more. Deviations of estimated and measured weight were not an exclusion factor. These recording errors generally occurred when subjects mis-speci®ed the family member about whom they were providing information. To determine whether obese or thin informants differed in their ability to estimate heights and weights, only informants with measured heights and weights were included in the current analysis. The person making the estimate will be referred to as the informant, and the person on whom the estimate was based will be referred to as the target.
Body mass index (BMI) was computed (kgam 2 ) from both the estimated and measured heights and weights.
Estimated and measured heights and weights were analyzed ®rst for the degree of correlation and then for bias. The methods and the results sections presented below follow this sequence. All analyses were conducted using SPSS 6.1.
Correlation
Correlation of informant estimates of heights and weights. Estimated and measured heights and weights were correlated using a Pearson correlation coef®cient. To test the hypothesis that certain family members (for example, mothers) might be better informants than other family members, informants and targets were grouped by gender and generation, and the correlation coef®cients for each sub-group were computed and in some cases, compared using a Z-statistic. 8 Correlation of informant estimates and the in¯uence of informant weight category. To determine whether obesity of the informants in¯uenced the estimates, a weight category was created. Subjects were classed as either average weight, overweight or obese (measured BMI`25 average, 25 BMI 30 overweight, BMI b 30 obese, respectively). Informants were grouped by weight category and gender, and the correlation coef®cients were compared.
Correlation of informant estimated and self-reported heights and weights of obese women. For a subsample of obese women, correlation coef®cients were computed for self-report, informant estimated and measured values, and the differences were evaluated.
Bias
Variables created to assess bias. To assess the presence and direction of bias in informant estimated heights and weights, the estimated value was subtracted from the measured value. This difference score quanti®ed the error of estimation, which is a re¯ection of systematic error. To adjust for the large range in weights among family members (47±208 kg), another variable was created to express the error of estimation as a percentage of the measured value, as given by the following equation:
estimated value À actual value actual value Ã100;
(percentage error of estimation). A positive value for the error of estimation or the percentage error of estimation indicates a systematic overestimation of the value, whereas a negative value re¯ects a systematic underestimation of the value.
Bias of estimated heights and weights in¯uenced by informant or target characteristics. Informants and targets were grouped by gender and generation, and the mean error of estimation and percentage error of estimation were compared by ANOVA. Analyses were also conducted using informant weight status and gender or target weight status and gender, as between group factors.
Bias of self-reported vs informant estimated heights and weights. To determine whether self-reported or informant estimated heights and weights differed in the direction or degree of bias, the error of estimation and the percentage error of estimation were compared by ANOVA, using the self-report or informant estimate and gender of informant as factors.
Results
Characteristics of family members providing informant estimated and self-reported heights and weights
Informant estimated sample. Three hundred and seventy four family members from 94 Caucasian families, estimated the heights and weights of their ®rst degree relatives. The average age, measured height and measured weight of the family members are given in Sub-sample of self-report. Eighty-®ve women from the above sample also estimated their own heights and weights during a telephone interview and were subsequently directly measured for height and weight by a research interviewer. Additionally, her ®rst-degree relatives provided estimates of her height and weight. Twenty women were on a weight-loss program between the day they provided the self-reported heights and weights and the day they were directly measured, and were excluded for further analysis. The remaining 65 female subjects were Caucasian, aged on average 41 y (s.d. 9, range 26±67) and obese (mean BMI 48.8, s.d. 9, range 32.9±76.2).
Correlation
Informant estimates of height and weight are predictors of measured height and weight. Overall, the correlation coef®cient between estimated and measured height was 0.95 ( Figure 1 ) and 0.94 for estimated and measured weight ( Figure 2 ). The correlation coef®cient for informant BMI (kg/m 2 ) calculated from estimated and measured heights and weights was 0.93 (Table 2 ). There were no signi®cant differences between female and male informants in how well the estimated values predicted the measured values, but women tended to be slightly better at estimating weight than men. When BMI values were computed, informant estimates from women were slightly but signi®cantly better predictors of computed BMI (kg/m 2 ) than were estimates from men (Z for difference 2.33, P 0.009).
Differences in correlations between self-reported and informant estimated heights and weights for obese women. The correlation coef®cients between selfreported and measured values, and between informant Correlation of informant estimates by gender and generation. The categories of different informant and target combinations (for example, mothers reporting about daughters) with associated correlation coef®cients are given in Table 4 . The range of correlation coef®cients for informant-target subtypes for height estimates was 0.82±0.96, and correlation coef®cients for weights ranged from 0.86±0.97. Overall, mothers and fathers gave the most accurate estimate of heights (mother father b daughter b son) and mothers gave the most accurate estimates of weights (mother b daughter b father son).
Correlation of informant estimates and the in¯uence of informant weight. Estimates of height made by thin, overweight and obese informants were equivalently predictive of measured values (Table 5) . Obese male informants were not better at estimating weights than thin male informants. Obese women, however, were signi®cantly better at predicting the measured weights of their family members than were thin women (Z for difference 3.52, P`0.001).
Bias
Estimation bias based on the gender of the informant. Family members systematically overestimated the heights of other family members (on average about 1.4 cm, s.d. 3.3, n 1155 or 0.8% Figure 1 and Figure 2 illustrate the overestimation of height and the underestimation of weight by family members. Female informants overestimated heights slightly, but not signi®cantly, more than did male informants (error of estimation, (F(1,1154) 2.0, P 0.154) or as the percentage error of estimation (F(1,1154) 1.9, P 0.160)). Male informants underestimated weights signi®cantly more than female informants (error of estimation, (F(1,1154) 7.3, P 0.007) or as the percentage error of estimation (F(1,1154) 3.8, P 0.053)). Female informants estimated weights an average of 3.5 kg less than the measured values (n 797), whereas male informants underestimated weights, on average, about 5.3 kg less than measured values (n 358).
Comparison of bias between self-reported and informant estimated height and weights for obese women. Extremely obese women overestimated their own heights, on average, 0.9 cm (0.5% of measured height), and underestimated their weights, on average about 0.8 kg (0.4% of measured weight). These biased estimates resulted in BMI values that were less than their measured value by about 0.8 BMI units (1.4% of measured BMI). The family members of the obese woman, overestimated her height by 0.8 cm on average (0.5% of measured height) and underestimated her weight by 6.9 kg on average (5.0% of measured weight), which resulted in an underestimate of her BMI value by 2.9 units on average (5.8% of measured BMI). Self-reported and informant estimated heights were not signi®cantly different in the degree of bias (error of estimation, F(1,257) 0.08, P 0.78) or percentage error of estimation (F(1,257 0.10, P 0.76)). Informant estimated weights, however, were signi®cantly more biased than self-reported weights (error of estimation, (F(1,257) 12.3, P 0.001) or percentage error of estimation (F(1,257) 13.5, P`0.001)).
Estimation bias based on the relationship between the gender and generation of informant and target. Using the gender and generation of the informant and the gender and generation of the target as factors in a four-way ANOVA, revealed that all family members overestimated the height of the father more than other family members (error of estimation, main effect of the generation of the target (F(1,1154) 28.5, P`0.001; main effect of the gender of the target (F(1,1154) 11.4, P`0.001; generation of target by gender of target interaction (F(1,1154) 5.7, P`0.01); Table 6 ). Similar results were obtained if the differences between estimated and measured height were expressed as a percentage error of estimation.
For weight estimates, there were signi®cant main effects for the generation of the target (F(1,1154) 11.8, P 0.001). Similar results were obtained if the differences between estimated and measured weight were expressed as a percentage error of estimation. There were no signi®cant main effects for BMI.
Bias of informant estimates and the in¯uence of informant weight category. Informants overestimated the heights and weights of average, overweight or obese targets to the same extent (ANOVA with 
Discussion
The results of this study demonstrate that relatives' estimates of their family members' heights and weights are highly predictive of measured values. This sample of subjects is unusual in that it contains family members at the extremes of body weight, with all families containing at least one extremely obese member. Because informants were less able to estimate accurately the weight of extremely obese subjects than average weight subjects, we expect that family members not selected for body weight would yield more accurate estimates. In cases where the collection of accurate data about the height and body weight of family members is important (such as in genetic studies of human obesity), these proxy measures can be substituted, if measured heights and weights or self-reported data are not available. A striking ®nding is the similarity between the bias of informant estimates from the current study and the previous studies, on the bias of self-reported measures of height and weight. Self-reported heights are generally overreported, and self-reported weights are generally underreported.
2,3,6,9 ± 56 Informant estimates of height and weight follow the same pattern.
Several reasons have been advanced to account for the systematic bias of self-reported heights and weights. Subjects may be reporting their lowest weight (i.e. in the morning before eating and unclothed) but are typically measured by investigators later in the day, clothed and perhaps after a meal. This would lead to an underestimated weight. Subjects who wish they were taller and/or thinner may mis-report their heights and weights to make the actual and the ideal closer. All family members underestimate the weights of other relatives, but underestimate more for obese relatives than for average weight relatives. Thus, relatives may be trying to portray the family as closer to the cultural ideal.
Wing (1980) 4 found that when fathers self-reported their own heights, they overestimated to a greater extent than other self-reporting family members. Similarly, family informants overestimated the heights of fathers to a much greater extent compared with other family members. A partial explanation for this observation may be found in a study conducted with subjects who were asked to estimate the height of an unfamiliar man. Some subjects were told the man was of low social status and some subjects were told the man was of high social status. Subjects overestimated the height of the man to the greatest extent when they believed he had a high status. 57 Similarly, family members may overestimate the heights of the father, because of his role within the family.
In general, informant estimated values were less predictive of measured values than were self-reported values. This difference is not surprising. Most adult family members do not directly observe other adult family members being weighed or measured for height and therefore, family members are estimating heights and weighs, rather than reporting a known value. The degree of correlation between family informant estimates and measured values found in this study, are similar to those found in earlier studies. 3, 58, 59 Previous studies found that mothers with young children were exceptionally good reporters of their children's heights and weights.
2 ± 5 This is not surprising because parents are routinely present when young children are weighed and measured (for example, at the pediatrician's of®ce). Mothers with adult children studied here were slightly less able to accurately estimate their children's heights and weights. For adult children and older parents, no single family informant is consistently the best, so that multiple estimates by ®rst-degree relatives are more likely to be accurate than relying on a single informant, such as the mother.
Although not tested in the current study, family informant estimates of the heights and weights of deceased relatives, may be less accurate than the estimates of living relatives. Adult children had more dif®culty recalling the heights and weights of fathers from 15 years before than they did for mothers. 1 Men have shorter life spans than women and more fathers may have died prior to the time the adult children were asked to make estimates. In the current study, all fathers and mothers were alive at the time the adult children provided estimates, and the resulting correlations were much higher than those reported by Sùrenson et al. 1 We suspect the best informants are those who are in frequent contact with the target. Older subjects were Informant estimates of height and weight DR Reed and RA Price poor at recalling their own heights and weights when they were children or young adults. 48, 60 Therefore, it seems likely that if subjects have dif®culty recalling their own weights, they would also have dif®culty recalling the heights and weights of relatives seen infrequently.
In the current sample, many of the family members were obese. Informants underestimated the weights of their obese family members more than average-weight family members. This was true whether the bias was expressed as the difference in kg between the estimated or measured weight or as a percentage of the subjects measured weight. Therefore, if all family members had been of average weight in this study, we would expect the bias of the informant's estimates to be reduced. In this sample of obese family members, another potential source of estimation error is weight change; obese family members are often dieting or regaining lost weight, making it dif®cult for relatives to give accurate estimates.
While it is apparently more dif®cult for family members to accurately estimate the weights of obese relatives, obese relatives are better at estimating other people's weights than thin relatives. This pattern is most apparent for female informants. Family informants with a given condition (such as major depression or other psychiatric disorders) are more likely to report higher rates of psychiatric disorders among their family members than are unaffected informants. 61, 62 This effect is known as`family information bias' 63 and is akin to a concept called the`ownanchor' effect, whereby subjects make judgements about others using their own characteristics as the anchor value. 64 Although family information bias is thought to produce inaccurate information, the current results suggest that obese women are more accurate in their weight estimates than thin women, perhaps because the`own-anchor' effects offsets the tendency for informants to underestimate weight, leading to a more accurate estimate.
Each informant observation in this sample, is an estimate made by one family member about another family member. Because families have different numbers of ®rst-degree relatives, some families are overrepresented in the total number of estimates given. If the ability to estimate weights and heights was heritable, then observations would not be independent. Each family was relatively small, however, and the over-representation of a few families would have little in¯uence on the outcome of the analysis. Because multiple and variable numbers of individuals within the same family were included in the correlation analyses, we con®rmed our results by examining independent subsets of the data. We extracted a subset of cases by randomly selecting a single informant-target pair from each family. The results agree almost exactly with those for the full sample (data not shown).
Informant estimates of weight and height and their use in the construction of accurate family pedigrees provide important data for use in genetic studies. 65 Other types of studies, such as those designed to understand physiological differences between subjects with and without a family history of obesity 66 ± 72 or adoption studies where family informant estimates are employed, 73 ± 76 should bene®t from information about the accuracy of informant estimates. The results of these analyses provide information about informant estimates of heights and weights, and hopefully will assist investigators in evaluating the costs and bene®ts of informant estimates in these types of study designs.
